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Purpose: A prospective follow-up of adolescents with asthma designed to identify risk factors
for deterioration during and after transfer from paediatric to adult healthcare.
Methods: Adolescents (nZ 150) with asthma being transferred from paediatric to adult
healthcare were recruited consecutively and those with mild/moderate asthma assigned
randomly to primary care or specialized care at an adult asthma clinic. Tests of pulmonary
function, bronchial responsiveness and working capacity and skin prick tests were performed
at the time of entry into the study and two and/or five years later.
Results: Initially, 88.7% of the subjects demonstrated at least one positive skin prick test.
During the five-year follow-up, FEV1 improved, while FEV1/FVC remained unchanged. Bron-
chial hyperresponsiveness was present in 71% of the subjects at the time of inclusion and
59% five years later, while 20 developed hyperresponsiveness during this period. Poor adher-
ence to treatment, female gender and inhalation of steroids exerted negative impacts on
logPD20. The risk for persistence of bronchial hyperresponsiveness was elevated by poor adher-
ence and attenuated by regular exercise. The decline observed in working capacity demon-
strated no correlation to the risk factors examined. Subjects with mild/moderate asthma
who received primary or specialized care exhibited similar pulmonary function, responses to
a histamine challenge and working capacities.
Conclusions: During a five-year follow-up of asthmatic adolescents leaving paediatric care,
pulmonary function rarely deteriorated, but bronchial hyperresponsiveness persisted. Female
gender and poor adherence to treatment exerted negative impact on bronchial hyperresponsive-
ness. Mild/moderate asthma was managed equally effectively with primary or specialized care.
ª 2009 Elsevier Ltd. All rights reserved.51777565.
m@ki.se (S.-E. Bergstro¨m).
9 Elsevier Ltd. All rights reserved.
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Asthma, one of the most common chronic diseases among
adolescents, affects approximately 10% of teenagers in
Sweden and most other Western countries.1e4 There is
some concern that asthma during adolescence may
predispose an individual for chronic obstructive lung
disease later on.5e7 For example, Strachan and co-workers8
reported that those who suffered childhood asthma that
persisted beyond age 16 exhibit significantly lower FEV% at
35 years of age. In addition, asthma that was diagnosed
before the age of 18 and subsequently went into remission
has been reported to reoccur later in approximately 30% of
the cases.9
The course and outcome of asthma during the later
teenage years are of particular interest in this connection.
During this period, most young people make several deci-
sions of great importance for their future lives, e.g., con-
cerning their education and career. Additionally, adherence
to management plans is of special importance in this age
group.4 It has been emphasized that the transfer of indi-
viduals with a chronic disease from paediatric to adult care
during late adolescence should be a well planned and
executed educational and therapeutic process.4,10,11
Even though this process requires a detailed under-
standing of the overall situation of patients at this age, few
prospective studies involving determination of pulmonary
function, atopic status and working capacity, as well as
body-mass index have been performed on such individuals.
The present prospective study was designed primarily to
evaluate physiological and allergic aspects and conse-
quences of asthma and possible risk factors for deteriora-
tion among patients in their late teenage years prior to and
following transfer to adult healthcare. We also examine the
impact of randomized referral to either a specialized
asthma clinic or primary care on these same factors.
Methods
Subjects
As subjects, 150 adolescents with asthma (65 females) were
recruited consecutively from patients visiting the asthma/
allergy clinic at the Children’s Hospital at Huddinge
University Hospital, Stockholm, Sweden. As documented in
Table 1, their mean age at the time of entry into this study
was 17.7 years (range 16.2e21.8, median 17.4 years). All of
these subjects had visited our paediatric asthma/allergy
clinic regularly for at least three years because of doctors’
diagnosis of asthma, as well as, in several cases, additional
allergic disorders.
The subgroup with mild/moderate asthma e defined as
a FEV1 >80% of the predicted value (% pred), management
with a daily dose of inhaled corticosteroids <600 mg
(budesonide or equivalent) and no severe food allergy e
was assigned randomly to care at either an adult asthma
clinic or primary care. Information concerning the use of
medication was obtained from the patients themselves and
not based on drug prescriptions. Patients who admitted to
regularly not taking their prescribed drugs and/or who on
two consecutive occasions (without a reasonableexplanation) did not show up for clinical visits were desig-
nated as demonstrating ‘‘poor adherence’’ to treatment.
Lung function
The lung function of each subject was tested upon entry
into the study and after, two and five years of follow-up
employing a Vitalograph spirometer (Vitalograph, Buck-
ingham, UK) in accordance with published guidelines.12 All
of these tests were conducted by the same author (KS)
using the same spirometer, which was calibrated daily.
Spirometric values are expressed as percentages of the
reference values provided by Zapletal for individuals
younger than 18 years of age13 and by the ECCS for those
older.14
Atopic status
A skin prick test with 12 allergens e e.g., birch, timothy
grass, mugwort, cat, horse, dog, house dust mite (Derma-
tophagoides pternyssinus), mold (Cladosporium, Asper-
gillus fumigatus and Alternarnaria), fish and peanut e was
carried out utilizing Soluprickª allergens (ALK, Abello,
Denmark). Histamine (10 mg/ml) was used as a positive and
50% glycerol as a negative control. Wheal diameters of
3 mm were considered to indicate a positive reaction.
Bronchial challenge with histamine
At the time of entry into and in connection with the follow-
ups two and five years later, each subject inhaled histamine
phosphate through an automatic inhalation-synchronised
jet nebulizer (Spira Elektro 2) equipped to provide an
adjustable aerosol delivery time, as described previously.15
Three concentrations of histamine diphosphate were
applied (1, 8 and 64 mg/ml); at each concentration 2, 4 and
8 breaths were taken and FEV1 was determined 3 min after
each dose. The dose of histamine inducing a reduction in
FEV1 of 20% (PD20FEV1) was calculated by linear interpo-
lation employing a logarithmic scale.
Exercise test and BMI
A submaximal exercise test on an ergometer cycle
(Ergomed 824E, Monark, Sweden) was performed and
evaluated as described previously16,17 upon entry into the
study and in connection with the five-year follow-up.
Since submaximal working capacity was being assessed,
each subject inhaled a b2-agonist and warmed up by
cycling gently for 10 min prior to the actual test, in order
to prevent an asthmatic reaction. Heart rate was
measured continuously with a Polar sport tester. The
initial workload was set at 0.5 or 1.0 kP on the basis of
weight, gender and exercise habits. A constant pedal
speed of 50 rpm was maintained throughout the test and
heart rate was recorded every minute until steady state
was reached. The body-mass index (BMI) was calculated as
weight in kg/(height in m)2. ‘‘Regular exercise’’ was
defined as participating in regular sport activities more
than 2 h each week.
Table 1 Characteristics of the subjects and dropouts at the times of entry into the study and follow-ups.
Time of entry
(nZ 150)
Two-year follow-up
(nZ 116)
Five-year follow-up
(nZ 104)
Dropouts
(nZ 46)a
Mean age in years (SD) 17.7 (0.95) 19.7 (1.1) 23.1 (1.2) 17.8 (0.9)
Number of females (%) 65 (43%) 52 (45%) 49 (47%) 16 (35%)
Number (%) with a positive
skin prick test to:
134 (89%) 103 (90%) 94 (90%) 40 (87%)
To furry animals 114 (76%) 86 (75%) 82 (79%) 34 (74%)
Pollen 111 (74%) 80 (69%) 79 (76%) 27 (59%)
Mite 14 (9%) 8 (7%) 10 (10%) 5 (11%)
Molds 10 (7%) 3(3%) 4 (4%) 3 (7%)
Peanuts 42 (28%) 24 (21%) 27 (26%) 12 (26%)
Furry animals only 16 (11%) 15 (13%) 11 (11%) 9 (20%)
Pollen only 15 (10%) 16 (14%) 8 (8%) 5 (11%)
Mean FEV1% pred (SD)
All subjects 94.0% (12.9) 96.7% (12.0) 97.7% (12.1) 94.7% (12.5)
Subjects with severe asthmab 95.5% (13.6) 97.7% (13.0) 98.5% (10.8) 93.9% (12.5)
Subjects with mild/moderate asthma
Randomized to primary care 97.5% (11.9) 97.9% (11.9) 97.9% (13.4) 97.6% (15.0)
Randomized to specialized
adult asthma clinic
94.5% (11.9) 95.1% (11.2) 97.0% (12.2) 92.3% (10.8)
Number (%) with FEV1 80% pred 16 (11%) 8 (6.9) 6 (5.8%) 6 (13%)
Mean FEV1/FVC % (SD) 84.7 (7.1) 84.1 (7.4) 83.27 (8.0) 84.6 (7.2)
PD20 histamine, median 440 mg 415 mg 790 mg 469 mg
Number (%) with PD20 880 mg 106 (71%) 78 (67%) 61 (59%) 30 (65%)
Mean working
capacity
(oxygen uptake in l/min (SD))
3.14 (0.87) Not done 2.91 (0.76) 3.31 (0.92)
Mean working capacity
(oxygen uptake in ml/kg/min (SD))
48.3 (10.6) Not done 40.6 (8.9) 49.0 (11.5)
a Characteristics at the time of entry into the study for those subjects who had dropped out by the time of the five-year follow-up.
b Cared for at the specialized adult asthma clinic.
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This study was approved by the Ethics Committee at the
Huddinge University Hospital and informed consent elicited
from each patient and his/her parents after receiving oral
and written information concerning the study.Statistical analyses
Since some of the values for FEV1, FEV1/FVC, PD20 FEV1(log
transformed), working capacity and BMI for the three
different time-points (i.e. entry and the two- and five-year
follow-ups) were not obtained for all subjects, these data
were analysed statistically employing a mixed model. The
variables FEV, FEV1/FVC and logpd20FEV1 were analysed
utilizing a linear model for repeated measures, with esti-
mation by the REML procedure and the covariance structure
set to compound symmetry. The associations between
each of these outcome variables and a set of prognostic
parameters (i.e. sex, adherence to asthma treatment,
exposure to tobacco smoke and furry animals, BMI, exercise
habits, and the presence and trend over time of rhino-
conjunctivitis, eczema or a significant skin prick test toeither pollen allergens or furry animals) were analysed, as
were two- and three-way interactions.
A robust model was estimated for each outcome variable
and the slope parameters and confidence intervals associ-
ated with each prognostic variable estimated. Patient
impairment with respect to FEV1, FEV1/FVC and the hista-
mine challenge (PD20FEV1) was recorded as ‘‘yes’’ or ‘‘no’’
and these binary outcomes analysed by logistic regression.
In order to evaluate the association between each outcome
variable and the set of prognostic variables, a linear model
for the log odds was established and the odds ratio (OR) and
confidence interval associated with each prognostic variable
estimated. Where indicated, Student’s t-test or Pearson
Chi-square test were used to compare subgroups of the
study population. All analyses were performed using the
SPSS statistical package version 14.0 (SPSS Inc, Chicago, IL,
USA) or Statistica version 7.1 (StatSoft Tulsa, OK) software.Results
Of the 156 patients originally recruited, six were excluded
during the initial phase of the study e two patients who
could not participate due to mental retardation; one who
Figure 1 Bronchial responsiveness to histamine at the time
of entry and in connection with the two- and five-year follow-
ups. PD20FEV1 histamineZ the dose of histamine that caused
a 20% reduction in FEV1.
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his asthma; and three who declined to participate. At the
time of the two-year follow-up 116 patients remained; and
after five years 104 were still participating. Subjects
considered to be suffering from severe asthma according to
our criteria (see Section 2) continued treatment at an adult
asthma clinic (nZ 53); while those with mild/moderate
asthma (nZ 97) were assigned randomly either to treat-
ment at this same specialized clinic (nZ 51) or to primary
care (nZ 46).
At the time of their entry into this study, 77% of our
patients were on regular treatment with inhaled cortico-
steroids (ICS). Exposure to tobacco smoke at home was
reported by 42 patients, of whom 13 were themselves
active smokers at the time of entry. Among the 104 patients
who participated in the entire five-year study, 25 (24%)
were characterized as demonstrating ‘‘poor adherence’’ to
asthma treatment.
Skin prick tests
Results of the skin prick tests are documented in Table 1. At
the timeof entry sensitization towards all threeof the animal
dander allergens tested was more frequent among females
(47.8%) than males (26.2%, pZ 0.005, Student’s t-test). An
association between symptoms and sensitization was
observed in 76.4% of those demonstrating a positive reaction
to perennial allergens and in 82.5% in the case of pollen
allergens. No significant changes in responses to the skin
prick tests were observed during the five-year study period.
Lung function
As revealed by the values of FEV1 and FEV1/FVC at the time
of entry and the two- and five-year follow-ups (also docu-
mented in Table 1), the mean FEV1 (% predicted) increased
during the five-year study period (pZ 0.01) whereas FEV1/
FVC remained unchanged. Of the 16 patients (7 males) who
exhibited impaired lung function (i.e. FEV1 80% pred) at
the time of entry, this value for 9 of the 11 who were still
participating at the time of the five-year follow-up had
improved to >80% pred. In four other subjects lung function
deteriorated from normal to FEV1 80% during this same
period.
The multiple regression model demonstrated no corre-
lation between FEV1 (% pred) and any of the independent
factors examined (gender, poor adherence, exposure to
tobacco smoke, pets at home, BMI, regular exercise
a positive skin prick test to either pollen allergens or furry
animals, treatment with ICS or transfer to primary care).
However, the adolescent women exhibited a higher mean
FEV1/FVC in connection with the five-year follow-up than
did the men (pZ 0.046). Assessment employing a multiple
logistic regression model indicated no association between
any of these independent factors and an FEV1 value 80%
predicted.
Bronchial challenge test
The proportion of our patients classified as having bronchial
hyperresponsiveness (BHR) to histaminedecreased (pZ 0.01)during the five-year study period (Table 1, Figs. 1 and 2).
However, Fig. 2 shows that the PD20 for a considerable number
of our subjects also deteriorated to 880 during this same
period. Table 2 reveals that the only risk factor for
PD20880 mg in connection with the five-year follow-up was
‘‘poor adherence’’ to treatment, whereas regular exercise
was associated with reduced BHR.
When the multiple regression model was employed to
analyze possible correlations between logPD20 at the time
of the entry and the independent factors described above,
female gender (p< 0.01), sensitization to furry animals
(<0.003) and ‘‘poor adherence’’ to treatment (p< 0.0022)
were all found to exert a significant negative impact. At
the time of the five-year follow-up treatment with ICS
(pZ 0.0026), ‘‘poor adherence’’ (pZ 0.0032) and atopy
(pZ 0.011) exerted similar negative impacts, whereas
regular exercise was associated with a more favourable
PD20 (pZ 0.0041).
Working capacity and BMI
The exercise test described in Section 2 was performed by
123 subjects at the time of their entry into the study and
repeated by 91of these in connection with the five-year
follow-up. As documented in Table 1, mean total oxygen
uptake decreased from 3.1 l (SD 0.9) to 2.9 l/min (SD 0.8,
pZ 0.047) and in relation to weight, from 48.3 (SD 10.6)
to 40.6 ml/kg/min (SD 8.9, p< 0.001) between these two
time-points. In addition, the total number of subjects with
a working capacity less than normal increased during this
same period (Fig. 3). No significant correlation between
oxygen uptake and lung function, the histamine chal-
lenge, atopy, gender or any of the other risk factors
examined (see above) was observed. Participation in
regular exercise outside of school or work (>2 h/week)
declined from 28% at the time of entry to 16% at the five-
year follow-up.
The weight and height of the subjects who performed
the exercise test were measured at the time of their entry
(nZ 126) and at the five-year follow-up (nZ 91). At the
time of entry their mean BMI was 22.4 and 24 patients (19%)
Figure 2 Schematic illustration of the numbers (%) of
subjects with normal (>880 mg) and pathological (880 mg)
PD20FEV1 histamine at the time of entry and at two- and five-
years follow-up. The numbers in italic illustrate the carry-over
of patients between the follow-up periods.
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five-year follow-up, the mean BMI had increased to 23.8 (SD
3.8) and was >25 in 32 (35%) of the subjects (including 13
(28%) of the women).
Dropouts
Of the150 patients initially included in the study, 116
(77.3%) and 104 (69%) performed both the lung function test
and histamine challenge in connection with the two- and
five-year follow-ups, respectively (Table 1). The total of 46
subjects (30.7%) who dropped out during the course of our
investigation included 35.3% (nZ 30) of the men and 24.6%Table 2 The odds ratios (ORs) and 95% confidence intervals (9
histamine 880 mg. Statistically significant values are indicated in
were used as the independent variables.
Parameter At the time
of entry OR
(95% CI)
At the 2-ye
follow-up
OR (95% CI)
Positive skin prick test:
To at least
one allergen
2.39(0.28e20.66)
pZ 0.43
10.9(1.30e
pZ 0.028
To furry animals 4.88(1.62e14.65)
p< 0.01
2.86(0.88e
pZ 0.08
Pets at home 1.57(0.58e4.23)
pZ 0.37
2.00(0.69e
pZ 0.20
Inhaled
corticosteroids
2.39(0.87e6.59)
pZ 0.09
1.05(0.36e
pZ 0.90
Female gender 3.16(1.15e8.68)
pZ 0,03
3.90(1.42e
pZ 0.008
Randomized to
primary care
0.58(0.15e2.17)
pZ 0.42
0.98(0.27e
pZ 0.97
Poor adherence
to treatment
4.00(0.82e19.33)
pZ 0.09
8.33(1.69e
pZ 0.01
Regular exercisea 0.5(0.19e1.36)
pZ 0.17
1.31(0.47e
pZ 0.61
BMI> 25 0.32(0.08e1.28)
pZ 0.11
2.03(0.53e
pZ 0.30
a >2 h/week at the time of entry into the study.(nZ 16) of the women. The characteristics of these 46 and
those subjects who finished the study showed no significant
differences at the time of the entry, except that a positive
skin prick test to pollen allergens was less frequent among
the dropouts (pZ 0.03, Pearson Chi-square test), although
the response to perennial allergens was similar.
Discussion
There is presently some concern that childhood asthma may
persist and/or deteriorate later in life. Even though the
transfer from paediatric to adult healthcare and simulta-
neous changes in life-style during the critical late adoles-
cent period is of extreme importance in this connection,
the influence of these factors on adolescents with asthma
has been little studied.
Our major findings here are that, with a few exceptions,
adolescents with asthma who are leaving paediatric care
exhibit normal lung function and that most of those with
impaired lung function (as reflected in their FEV1) have
improved five years later. A majority of our asthmatic
adolescents entered adulthood with BHR, which was more
pronounced among those with a positive skin prick test,
among the women and in connection with ‘‘poor adher-
ence’’ to asthma treatment, suggesting that these
subgroups are at greatest risk for developing chronic
asthma and/or increasingly severe symptoms. Our results
do not indicate that it is more beneficial for those with
mild/moderate asthma to be attended to a specialized
asthma clinic rather than receiving primary care, at least in
this region of Sweden. The high frequency of sensitization5% CI) obtained from logistic regression analysis of PD20FEV1
bold. The parameter values at the time of entry into the study
ar At the 5-year
follow-up
OR (95% CI)
Observations
at all three time-
points combined
OR (95% CI)
91.70) 10.07(0.95e106.9)
pZ 0.06
5.10(1.19e21.70)
pZ 0.03
9.28) 0.32(0.07e1.46)
pZ 0.14
1.76(0.83e3.74)
pZ 0.14
5.7) 0.99(0.33e2.84)
pZ 1.00
1.14(0.71e2.78)
pZ 0.32
3.04) 2.08(0.60e7.12)
pZ 0.25
1.70(0.88e3.30)
pZ 0.12
10.72) 1.84(0.72e4.66)
pZ 0.20
2.46(1.35e4.50)
p< 0.01
3.45) 0.36(0.10e1.32)
pZ 0.12
0.61(0.26e1.44)
pZ 0.26
43.09) 4.38(1.17e16.3)
pZ 0.03
4.22(1.36e13.14)
pZ 0.01
3.66) 0.34(0.12e1.00)
pZ 0.05
0.63(0.34e1.19)
pZ 0.16
7.77) 0.76(0.22e2.57)
pZ 0.66
0,90(0.41e1.97)
pZ 0.78
Figure 3 Assessment of working capacity (oxygen uptake) at
the time of entry and the five-year follow-up. The data were
categorized according to A˚strand.16
Adolescents with asthma 185to pollen and furry animals observed here is in agreement
with previous studies on similar groups of young people with
asthma.5,9,18
In the present investigation, 9 of the 16 subjects with an
FEV1 80% predicted improved to a value >80% within the
first two years following transfer to adult care, with only
minor further changes occurring during the subsequent
three-year period. Of even greater importance is our
finding that the FEV1 values of only four of 104 subjects
deteriorated from normal to FEV1 80% predicted during
this same period, suggesting that lung function is an
insensitive indicator of the severity of asthma during the
adolescent period. In contrast, subjects classified as severe
asthmatics (i.e., with FEV1 80% predicted) have been
shown to run an 80% risk of being moderately or severely
asthmatic 9 years later.7
One of the main characteristics of asthma is an
enhanced responsiveness to inhaled direct stimuli such as
histamine which has been recommended as an objective
marker of asthma-related airway lability in adolescents and
young adults.19 In addition to this impaired sensitivity of
FEV1, another possible explanation for the present
discrepancy involving improvement in FEV1 in combination
with persistent BHR may be that BHR persists long after
asthma has been outgrown.5,20 Furthermore, the variation
in BHR over time documented here has received little
attention in patients of this age. As discussed by Vonk and
co-workers20 these results may indicate that this group of
patients still has ‘‘latent’’ asthma, with an associated
elevated risk for relapse. Here, the factors which exerted
a negative impact on bronchial responsiveness at the time
of the five-year follow-up were ‘‘poor adherence’’ and
atopy, whereas regular exercise was associated with
a positive impact on PD20. In addition, we observed that, as
reported previously, regular treatment with ICS had
a negative influence on logPD20, which probably reflects the
influence of the severity of the asthma, since such useindicates more severe disease5 and, moreover, use of ICS
was not a risk factor for BHR.
At the time of their entry into the study, female subjects
demonstrated a higher frequency of BHR than did the men,
although, in contrast to previous reports,5,21 this difference
could no longer be detected in connection with the five-
year follow-up. This phenomenon may be related to the
parallel finding that sensitization to furry animals also
ceased to be a risk factor for BHR after five years of follow-
up. Since a large percentage of the young women exhibited
a positive skin prick test to all three fender allergens, the
improvement in their BHR could be due to reduced expo-
sure to furry animals after leaving school22 and, possibly,
a home with a pet.
The patients classified as adhering poorly to the treat-
ment recommended for their asthma had a significantly
lower logPD20 and an increased risk for BHR in comparison
to those with better compliance. However, these former
patients exhibited no further deterioration with time sug-
gesting that the increased frequency of BHR in this group
was due to long-term undertreatment with no positive
change in attitude. The number of active smokers among
our population was small and difficult to determine accu-
rately. However, exposure to tobacco smoke from other
sources exerted no impact on either lung function or PD20.
An association between asthma and obesity has been
discussed in several studies that included adoles-
cents.2,7,23,24 In the present investigation, the mean BMI
values for our subjects increased significantly during the
five-year study period without any apparent deleterious
impact on lung function or any influence on bronchial
reactivity to histamine, indicating a lack of any physiolog-
ical effects of overweight per se on the conducting airways
in this subgroup of our asthmatic subjects. However, this
lack of correlation should be interpreted cautiously, since
only three of our participants had a BMI >30.
We chose here to employ a submaximal test to assess
physical fitness, since the relationship between heart rate
and oxygen consumption or workload is essentially
linear.16,17 At the time of entry into the study, relatively few
of our subjects were physically unfit and 55.4% exhibited
a high or very high oxygen uptake. However, by the time of
the five-year follow-up working capacity was reduced
(Fig. 3) and not as a consequence of the increase in BMI,
since oxygen uptake expressed as ml/kg was lower as well.
One possible explanation for this reduction in working
capacity could be the parallel decline in the number of
subjects who exercised regularly. In the late teenage years,
adolescents are generally not offered organized participa-
tion in sporting activities and initiative for exercise must be
taken on an individual basis.25 In this context, our finding
that regular exercise was associated with less pronounced
BHR may be an important indicator that suffering from
asthma exerts a negative influence on both the motivation
for and possibility of performing physical activity.25 It is also
possible that regular exercise actually ameliorates BHR with
subsequently beneficial effect on asthma as suggested by
Rasmussen et al.26 It is well known that asthmatic adoles-
cents often complain that their physical capacity is
impaired, suggesting exercise induced asthma (EIA),27
although our results indicate that impaired working capacity
(oxygen uptake) may offer a more plausible explanation.
186 S.-E. Bergstro¨m et al.One limitation to our study is that the follow-up rate was
only 69%, which is low compared to certain previous
prospective investigations, but similar to several
others.5,18,20,28 In contrast to most other studies of this
nature, our subjects were urban patients in the upper
teens, which is probably the period during which dropping
out is most common. The majority of our dropouts occurred
during the first two years of the study period, with only 12
patients leaving the study between the two- and five-year
follow-ups. Our analysis of the characteristics of the
dropouts indicated that their exclusion did not bias the
data in any way. It is unlikely that the higher proportion of
the dropouts sensitized to pollen allergen influenced our
findings, since all of our assessments were performed
outside of pollen season.
Finally, the patients with mild/moderate asthma
exhibited similar objective outcomes, including lung func-
tion, BHR and working capacity, regardless of whether after
leaving paediatric care they continued at a specialized
asthma clinic or were treated in the primary care system.
In conclusion, the present investigation indicates that,
despite persistent BHR, increasing BMI and a decline in
working capacity after leaving the paediatric asthma clinic,
the majority of adolescents with asthma demonstrate good
lung function. Furthermore, among our group of patients,
who exhibited variable asthma status, persistent BHR was
common. The factors which exerted a negative impact on
logPD20 at the time of the five-year follow-up were
a requirement for treatment with ICS, poor adherence to
asthma treatment and atopy, whereas regular exercise was
associated with improved PD20. ‘‘Poor adherence’’ to
asthma management was the only factor associated with an
increased risk for persistent BHR five years after the transfer
to adult healthcare, suggesting that the follow-ups required
by young adults with mild/moderate asthma well can be
provided effectively by the primary health-care system.
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